The fi+ and fi-R factors are unstable in Vibrio cholerae even on selective media containing antibiotics, although a temperature-sensitive kanamycin resistance factor and its recombinants are stably maintained in V. cholerae at low temperatures.
Since the first report (2) of an extrachromosomal, transferable drug resistance factor (R factor), several papers have been published indicating that R factors can be transmitted from the Enterobacteriaceae to related genera of bacteria. Kuwahara et al. (4) reported that an R factor could be transferred from Shigella flexneri to strains of Vibrio cholerae, although the R factor was unstable in the latter organism and was subsequently eliminated by successive subcultures in drug-free media. Abe, Goto, and Kuwahara (1) also demonstrated successful R transfer from Escherichia coli to V. cholerae, nonagglutinable Vibrio species, and Aeromonas hydrophila. Yokota (6) transfer frequencies of each of the R factors at optimal temperatures were much lower to V. cholerae than to E. coli or S. typhimurium even though the same R donors were employed (6) . When V. cholerae received the R100 factor, it became resistant to not only CM but also TC, streptomycin (SM), and sulfanilamide (SA) even though only 5 Mg of CM per ml was used as the selective agent. V. cholerae inheriting the NR73 factor acquired resistance to TC, SM, and SA in conformity to the character of this R factor. V. cholerae carrying the Rtsl factor increased their KM resistance levels to 800 ug/ml or more, whereas spontaneous mutants in the parent R-Vibrio hardly grew on TCBS agar containing only 100 Mg of KM per ml. Tables 2 and 3 indicate the stability of R factors in V. cholerae and E. coli, respectively, at various temperatures. The R100 and NR73 factors were so unstable in any strain of V. cholerae regardless of its fi type that purification and conservation of the R+ clones required the use of drug-containing media. The temperature-sensitive Rtsl and Rts2 factors, however, were found to be relatively stable in V. cholerae at low temperatures. It may be noteworthy that the loss of the R factors from V. cholerae under any condition occurred as the whole factor, i.e., the partial elimination of each resistance marker was hardly observed.
To determine the unusual instability of the R100 and NR73 factors in V. cholerae, the following experiment was carried out. One colony of a newly constructed V. cholerae E1-R100 strain from a TCBS agar plate containing 5 Mig of CM per ml was resuspended in 1 ml of fresh Penassay Broth containing 25 Mg of SM per ml and further incubated at 37 C for 24 hr with shaking. Samples (0.1 ml) were taken out after VOL. 109, 1972 0, 4, 8, 12, and 24 hr of incubation followed by spreading on drug-free TCBS agar plates. Plates on which an appropriate number of colonies appeared were directly replicated onto TCBS agar containing 5 Atg of CM per ml.
Thus the proportion of V. cholerae-R100 among total cell number was determined since the CM resistance marker had been confirmed to be lost along with other resistance markers, including SM resistance, when the R100 factor was eliminated from V. cholerae, as described before. Figure 1 indicates that the number of viable cells in the colony decreased by the further cultivation with SM at 37 C for 4 hr. This evidence suggests that the colony a In all cases, the host bacterium was Vibrio cholerae El.
The elimination frequencies were examined by the replica plating method when low, and by comparison of the number of colonies on drug-free TCBS agar to that on a drug-containing plate when the frequency was very high. contained a fair number of R-segregants which were killed in the SM-containing broth. In fact, the number of viable cells of an Rstrain decreased in the same manner under the same conditions. On the contrary, real R+ cells in the colony, which were determined by the replica method on CM-containing plates, continued their multiplication even in the SM- containing broth. The fact that a single colony of newly constructed V. cholerae-RlOO contains a fair number of R-segregants even on a CM-containing medium can be explained if one assumes that R100 is so unstable in this host that R-subclones appear after a few cell divisions and the segregants can multiply by the aid of chloramphenicol acetyl transferase cytoplasmically inherited by themselves or produced by coexisting R100+ cells. Figure 2 shows the growth curve of V. cholerae El strain carrying the Rtsl factor at 25 and 42 C and the loss of this R factor at the respective temperatures. Though no loss of Rtsl was observed at 25 C, it was eliminated from the host at 42 C accompanying cell division. This phenomenon indicates that the genetic behavior of Rtsl in V. cholerae is not different from that in Enterobacteriaceae.
It is noteworthy that usual fi+ (F-like) and fi-(I-like) R factors are very unstable in V. cholerae (1, 4, 6) , whereas the Rtsl factor and its recombinants are relatively stable in the sults support the previously reported observations indicating that the Rtsl factor is quite different in genetic characteristics from usual fi+ and fi-R factors (7) . It is known that fi+ and fi-R factors play an important role in antibiotic resistance among Enterobacteriaceae which cause infections of the gastrointestinal tract and the urinary tract. It is unlikely that these R factors can induce multiple drugresistant V. cholerae because of their instability in the latter organism. The Rtsl factor, however, may produce both drug-resistant V. cholerae and Enterobacteriaceae species at low temperatures. Furthermore, this R factor can produce new temperature-sensitive R factors harboring an increased number of resistance markers (7) . This evidence suggests that multiple drug-resistant V. cholerae may increase in number if this type of R factor is naturally widespread.
This work was supported by the United States-Japan Cooperative Medical Science Committee.
LITERATURE CITED
